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Abstract 
  In the present work, Barium titanate BaTiO3 (BTO) thin films were prepared by sol - gel spin coating method. 
High resolution X-ray diffraction study reveals the formation of single phase polycrystalline structure of barium 
titanate thin films. The films were found to be highly transparent in the visible region and a rough and porous 
surface morphology which is beneficial for gas sensing applications. Gas-sensing performance of BTO thin film 
based sensor was studied for varying concentration of NOx gas at room temperature. The sensor showed enhanced 
response (17.6% to 33.3%) with increase in concentration of NOx gas (50 to 500 ppm). Results highlight the fact 
that multifunctional BTO films can be exploited for efficient NOx gas even at room temperature. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
 Metal oxide gas sensors are extensively studied due to their improved sensing characteristics, i.e. sensitivity, 
selectivity, stability, and response rate towards various gases to meet the increasing need of sensors in complicated 
systems [1]. The first semiconductor oxide (ZnO) based gas sensor was reported by Seiyama et al. in 1962. Since 
then, there have been numerous studies on other oxide semiconductors such as SnO2, ZnO, In2O3, TiO2, a-Fe2O3, 
HfO2, WO3, BaSnO3 etc. for detecting a number of toxic and harmful gases. Now a days, air pollution by nitrogen 
oxides (NOx), mainly NO and NO2, is becoming an important environmental issue. As a matter of fact, NOx 
associated with other pollutants like volatile organic compounds (VOC) is responsible for the formation of ozone in 
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lower atmosphere, smog in urban areas and also chemical reaction of NO2 gas with water vapor causes acid rain [2-
3]. Therefore, the development of a NOx gas sensor for environmental monitoring has become a necessary task. 
Barium Titanate, BaTiO3 (BTO) thin film is the most attractive ferroelectric material with high dielectric constant 
and is used for various applications including UV sensing, capacitors, memories etc. [4-6]. So far only ferroelectric 
and electrical properties of BTO have been widely studied and very few reports available on its gas sensing 
properties. Sol-gel spin coating method is a desirable low cost option for deposition of sensing layer and ease of 
integration with the existing semiconductor technology. Additional advantages of the sol-gel method are low-
temperature processing, good chemical homogeneity, easy control of films composition, and uniform deposition on 
large size substrates [7]. So, the main objective of the present work is to study the gas sensing properties of BTO thin 
films prepared by sol-gel spin coating method to make it multifunctional. 
 
2. Experimental Details 
 Barium acetate [Ba(CH3COO)2] and titanium (IV) isopropoxide [Ti(CH3CH3CHO)4] were used as the precursors 
for the fabrication of barium titanate thin films. Barium acetate was first dissolved in acetic acid [CH3COOH] and 
then diluted with 2-methoxy ethanol [CH3OCH2CH2OH]. An equimolar amount of Ti((CH3)2CHO)4 was added drop 
wise to the above solution, keeping it constantly stirred and filtered using microfiber glass filter paper. Thin films 
were prepared on quartz glass substrate by spin coating technique. Following the deposition, the films were 
pyrolysed for 5 minutes at 300oC in air. Thicker films were prepared by repeating the deposition cycle (the thickness 
of each coating was being 70 nm. The deposited films of required thickness (350 nm) were then annealed at 700oC 
in air for three hours by using a conventional temperature controlled tube furnace. For gas sensing measurements, 
BTO film was also deposited over the inter digital electrode (IDE) patterned corning glass substrates under the 
similar conditions. Fabrication of IDEs has been reported elsewhere [8]. 
High resolution X-Ray diffraction (XRD) study was performed to get the perovskite structure and phase 
formation of the prepared thin films using Bruker D-8 diffractometer. XRD spectra of the sample have been 
recorded in the range 20°–60°. Optical properties of barium titanate thin films has been studied like UV-visible 
spectrophotometer (Perkin Elmer; model : Lambda 35). The film thickness was measured using a surface profiler 
(DEKTAK 150).  Gas sensing characteristics of the fabricated sensors were studied in a specially designed “Gas 
Sensor Measurement and Caliberation system (GSMCS)” having a glass test chamber. Different concentrations of 
NOX gas (50 to 500ppm) were introduced into the glass test chamber using calibrated leaks through needle valves. 
A gas dosing valve was used to control the flow of target gas in the test chamber. Vacuum of the order of ׽10−3 
Torr was first created in the test chamber using a rotary pump measured by the pirani gauge and subsequently a 
mixture of the known concentration of target gas and clean (dry synthetic) air was introduced till the test chamber 
acquired the atmospheric pressure. The creation of vacuum ensures the removal of any foreign gas molecules from 
the test chamber. At the time of recovery of the sensor, target gas was flushed out of the test chamber and the clean 
dry air was introduced. Changes in the sensor resistance due to introduction of target gas were recorded after every 
second using a data acquisition system consisting of a digital multi-meter (model: Keithley 2700) interfaced with a 
computer. 
3. Results and Discussion 
 Fig. 1 show the X-ray diffraction (XRD) pattern of annealed barium titanate thin film deposited on corning glass 
substrate using spin coating technique. It may be seen that the sample shows only XRD peaks corresponding to 
BaTiO3 and does not show any additional peak related to secondary phase formation indicating the growth of single 
phase and polycrystalline BaTiO3 thin film. It is observed from Fig.1 that reflection corresponding to (110) plane is 
relatively intense indicating preferential orientation of the deposited film. Furthermore, the XRD peaks 
corresponding to (200), (210) and (211) planes are showing splitting into two peaks, which is due to the formation 
of tetragonal structure that is important for exhibiting ferroelectricity. 
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Fig. 1. XRD spectra of BTO Thin film prepared by sol-gel spin coating method 
  UV-visible transmission spectra of BTO thin film deposited on the quartz substrate under the similar deposition 
conditions is shown in Fig. 2(a) indicating high transparency (~80%) in the visible region. The Tauc plot of (αhν)2 
versus photon energy (hν) of BTO thin film is shown in Fig. 2(b) and a band gap of 3.69 eV is obtained. 
 
(a)                                                                         (b) 
          
                                    
Fig. 2(a): UV-Visible spectra of BTO thin film on quartz substrate; (b): Tauc plot of BTO thin film  
 
Fig. 3 shows the surface morphology of the deposited BTO thin film which can be seen as rough and porous with 
a particle size of about 40 nm. The rough and porous surface morphology is beneficial for the sensing applications. 
 
 
 
 
Fig. 3: SEM image of the prepared BTO thin film 
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  Fig. 4 shows the response and recovery profiles of the BTO film (150 nm thin) based sensor towards varying 
concentration of NOx gas (50 to 500 ppm) at room temperature. The resistance of sensor decreases on interaction 
with NOx gas and regains the initial resistance value after the removal of gas. The response was found to increase 
from 17.6% to 33.3% with increase in concentration of NOx gas from 50 to 500 ppm. It is observed that response 
and recovery times increase as gas concentration increases. Smaller the gas concentration faster would be the 
oxidation of NOx gas and hence quick response and immediate recovery of the sensor are obtained. 
 
 
 
Fig. 4: Response and recovery profiles of the BTO film towards NOx gas in varying concentration  
4. Conclusion 
 Highly transparent barium titanate thin films were prepared by sol-gel spin coating method. High resolution X-
Ray diffraction study indicates the formation of single phase and highly crystalline tetragonal structure of barium 
titanate thin films. The value of optical band gap is about 3.68 eV. The response of BaTiO3 thin film towards 
sensing NOx gas at room temperature is relatively high (17.6%) and increases with increase in concentration of gas 
molecules.  
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